Introduction
Salt-tolerant plants or halophytes have a great agricultural potential where the soil is too salty for traditional crops or where fresh water resources are limited and saline water is available for irrigation. There are two approaches to utilizing the salt-tolerant plant genome through transgenic manipulation. The first is to enhance the salt tolerance of traditional crops by introducing the salt tolerance genes of halophytes into these crops. The second approach is to improve the agricultural value of halophytes via introducing traditional crop genes into salttolerant plants. Inarguably, salt tolerance itself is a highly desirable characteristic and many research groups are investigating the identity of salt-tolerant genes. However, salt tolerance coupled with high production often involves a combination of numerous mechanisms, such as active excretion of ions by salt glands, passive exclusion of ions due to membrane impermeability and selectivity, dilution by rapid growth associated with an increase in water content, compartmentation of ions, organic osmotica, and others.
Genes directly responsible for salt tolerance have not yet been isolated, although a few gene products whose activity is induced by salinity stress have been extensively studied. Osmotin which is an abundant protein accumulated in cells of tobacco adapted to NaCI and low osmotic potential (Kononowicz et al., 1992) . Additionally, it has been identified as a pathogenesis-related protein (LaRosa et al., 1992) . The citrus salt-stress-associated protein (Cit-SAP), which has a considerable homology to mammalian glutathione peroxidase, increases in NaCl-treated citrus cells and in citrus plants irrigated with saline water (Holland et al., 1993) . The expression of the desiccationrelated proteins from the resurrection plant in transgenic tobacco is not sufficient per se to increase drought tolerance as measured by ion-leakage tests (Iturriaga et al., 1992) . With one exception, transgenic tobacco with mannitol-1-phosphate dehydrogenase, mtlD, enhanced salinity tolerance at 170mM NaCl (Tarczynski et al., 1993) . A group of salt-induced genes, such as those coding for methyl transferase (Vernon and Bohnert, 1992) , ferredoxin-NADP + reductase (Michalowski et al., 1989) , and NAD:glyceraldehyde 3-phosphate dehydrogenase (Ostrem et al., 1990) have been cloned from the ice plant, Mesembryanthemum crystallimum.
There are some halophytic grasses ready for use as forage for livestock (Gallagher, 1985; Gallagher and Seliskar, 1993) . As with other crops, however, there is a need to improve their nutritional and agronomic quality. For example, some species are not very cold-resistant, while others are not as nutritious or as palatable as desired.
Changes in taste and the unsaturated oil content of glycophytic plants has been accomplished. For example, the sweet gene has been introduced into tomato (Penarrubia et al., 1992) and the desaturase gene has been introduced into tobacco (Grayburn et al., 1992) . Therefore, it is possible to improve the agricultural value of halophytes via introducing crop genes into salt-tolerant plants since many of the traits in crops have been extensively investigated and the genes are available. To date, transgenic research has focused on glycophytic crops. Success in delivering foreign genes into the halophyte, Kosteletzkya virginica, via bombardment with the Particle Inflow Gun and the achievement of stable transgenic callus is reported here.
First, the transient expression of foreign genes in saltadapted cells was explored. The goals were (1) to establish a transient expression protocol for salt-tolerant plants via bombardment with the Particle Inflow Gun using a simple device constructed in a similar way to the one reported by Finer et al. (1992) ; (2) to investigate how salt-adapted cells respond to various bombardment parameters, since the nature of the cell wall and cellular growth patterns change under salinity stress (Iraki et al., 1989a, b; Blits et al., 1993); and (3) to test whether an ABA-inducible promoter can be regulated by salinity, since ABA content increases in salinity-stressed plants. Three further questions were investigated regarding the stable expression of foreign genes. (1) Since this type of gun had only been used in two other cases, corn and soybean (Finer et al., 1992) , could stable transgenic callus be obtained in a halophytic crop via bombardment with the Particle Inflow Gun? (2) Which selection marker should be used in this halophyte? (3) If stable transgenic callus could be obtained, can expression of the foreign gene be confirmed at the protein and mRNA levels?
Materials and methods

Plant materials and culture conditions
Kosteletzkya virginica (L.) Presl. (Malvaceae), a dicotyledonous perennial related to cotton and Hibiscus, is native to saline tidal marshes. It is a potential halophytic grain crop for animal or human consumption and a source of gums for industrial use. K. virginica cell suspension cultures were initiated from callus derived from stem explants (Cook et al., 1989) . Suspension cultures were maintained in 250 ml Erlenmeyer flasks containing 50 ml of nutrient medium composed of Murashige and Skoog revised salts (Murashige and Skoog, 1962) plus 30 g I" 1 sucrose and 2 mg 1"' 2,4-D. The pH of the medium was adjusted to 5.7 before autoclaving. The cultures were grown on a rotary shaker at 21 °C under continuous low intensity fluorescent light (30 fx.mo\ m~2 s" 1 ) and were subcultured at 2 week intervals by transferring 10 ml of cell suspension to fresh medium. Cultures for this study were harvested during log-phase growth (7 d after subculture).
Salinity adaptation and cell sampling
Six months prior to the bombardment experiments, cell cultures were adapted to substrate concentrations of OmM, 85 mM, 170 mM, and 255 mM NaCl, hereafter designated as the 0, 85, 170, and 255 cell lines, by amending the basal nutrient medium with NaCl. The salinity was increased incrementally over several passages until the desired concentration was achieved. The salt concentrations chosen were the same levels tested in previous cell and whole-plant research reported earlier by Blits and Gallagher (1990a, b, c; Blits et al., 1993) .
One hundred mg of fresh cells were transferred to filter paper discs in the form of a thin, circular layer (diameter = 3.5 cm) using a Buchner funnel with vacuum. The disc was placed on Gel-Gro solidified nutrient medium during or after bombardment. Each treatment was replicated 3-12 times.
Plasmids and preparation of particles
Several different GUS (glucuronidase)-containing plasmids were tested. The pCaG plasmid was obtained from Dr Virginia Walbot, Stanford University, and contains the GUS structural gene driven by the CaMV35S promoter. The pBI221.23 construct was obtained from Dr Cuming, University of Leeds, and contains the GUS structural gene and the hygromycin resistance gene, both under the control of the CaMV35S promoter constructed by Dr Bevan, IPSR Cambridge Laboratory (Lonsdale et al., 1990) . The pBM113Kp plasmid was obtained from Dr Ralph Quatrano, University of North Carolina, and contains the GUS gene driven by the wheat ABA responsive EM (embryos) promoter (Marcotte et al., 1988) .
DNA was purified with a CsCl gradient or column (5 Prime-3 Prime) and precipitated on to tungsten particles (GTE Products Corporation) using the CaCl 2 precipitation procedure of Finer et al. (1992) . Five /xg of plasmid DNA were added to 25 /A of stock particle suspension.
Bombardment and GUS assay
A Particle Inflow Gun (PIG), based on the model of Finer et al. (1992) , was constructed in this laboratory with two modifications. The first was that the solenoid was connected to the chamber with a copper tube instead of being placed directly on the top of chamber. The second was that a 500 ^m mesh screen was sandwiched between two plexiglass plates as a baffle. The chamber was evacuated to a vacuum of 2 inches Hg (711 mm Hg), and a range of pressure from 0.55-2.20 mPa was applied to bombard the cells at distances of 9-21 cm from the particle holder. The pressure and distance used in bombardment are two important parameters for particle penetration. The ranges tested are in the vicinity of those used to achieve successful transformation in soybean via the Particle Inflow Gun (Finer et al., 1992) and in maize via high-velocity microprojectiles (Klein et al., 1988) .
/3-glucuronidase expression was histochemically assayed with lmgml~l 5-bromo-4-chloro-3-indolyl glucuronide (X-gluc, Jersey Lab Supply) 2 d after bombardment. Two ml of X-gluc solution were applied to three cell discs in a 100 x 15 mm Petri dish and the discs were then incubated at 37 °C in darkness for 48 h. Blue spots indicative of GUS expression were viewed under a dissecting microscope, and the mean number of spots and standard deviation were calculated for each treatment. X-Gluc also was used to assay putative stable transformants. A fluorimetric method also was conducted to assay the GUS activity based on the substrate 4-methyl umbellifuryl glucuronide (MUG). After freezing with liquid nitrogen, callus was lysed in buffer with 200 mM Na 2 HPO 4 , 1 mM EDTA, and 10 mM 0-mercaptoethanol. The reaction was initiated by adding MUG substrate and terminated with Na 2 CO 3 after incubation at 37 °C for 30 min (Rao and Flynn, 1990) .
RNA isolation, RT-PCR, and Southern hybridization
Total RNA was prepared from putatively transformed callus lines and control callus by grinding the callus in a mortar with liquid nitrogen and then extracting it with hot phenol extraction buffer (Verwoerd et al., 1989) . Chloroform and isoamylalcohol (24:1, v/v) were added and the mixture was vortexed. After centrifugation for 5 min, the water phase was removed, mixed with 1 vol. 4 M LiCl, precipitated overnight, and collected by centrifugation. After the pellets were dissolved in water, 0.1 vol. of 3 M NaOAc was added and the RNA was precipitated with 2 vols of ethanol.
The primers used in RT-PCR are shown below from 5' to 3' and the numbers between brackets indicate their positions in the sequence shown in the GeneBank with accession number M14641 (ECOUIDA:£5c/?er/c/iw coli uida gene encoding |3-glucuronidase):
GGTGGGAAAGCGCGTTACAAG (+399 to +420); Primer 2:
GTTTACGCGTTGCTTCCGCCA (+1599 to +1578).
One fig total RNA was reverse transcribed at 42 °C for 1 h in 20 ml of reaction mixture containing 20 pmol of Primer 2 and 20 units of avian myeloblastosis virus (AMV) reverse transcriptase (RT) (Aatsinki el al., 1994) . The reaction mixture was denatured at 95 °C for 5 min. Five ^1 of the reaction mixture was supplemented with 20 pmol each of Primer 1 and Primer 2 in a 0.1 ml reaction with 2.5 mM MgCl 2 followed by PCR cycles: 3 min denaturation at 94 °C; 30 cycles of 1 min at 94 °C, 1.5 min at 55 °C, 1.5 min at 70 °C; and 20 min extension at 72 °C. The DNA from RT-PCR amplification of RNA were electrophoresed through 1.0% agarose gels, and transferred to nitrocellulose according to the method of Southern (1975) . Filters were prehybridized for 1 h and hybridizations were incubated overnight at 42 °C in 50% formamide, 5 x SSC, 15 mM NaH 2 PO 4 , 10% dextran sulphate, and 250 ^g ml"' heatdenatured salmon sperm DNA.
Results
Histochemical analysis of foreign gene expression in sattadapted cells
Foreign DNA was expressed in all four cell lines (0, 85, 170, 340, 
see Materials and methods) of Kosteletzkya
Halophyte transformation via the Particle Inflow Gun 1439 virginica cell suspension cultures following bombardment with tungsten particles coated with a reporter gene encoding the bacterial enzyme j3-glucuronidase ('GUS': EC 3.2.1.3). In situ expression of the GUS gene was detected in individual cells and in groups of cells that had been supplied with 'X-gluc', the chromogenic substrate of the GUS enzyme (Plate 1).
Cells bombarded with pCaG containing the Gus gene under the control of the CaMV35S promotor and pBI221.23 containing the GUS gene and the hygromycin resistance gene under the control of the CaMV35S promoter exhibited a large number of transient expression events per bombardment. By contrast, bombardment with the DNA from a plasmid containing the GUS gene lacking the promoter (pBHOl, ClonTech) or bombardment with tungsten particles without DNA produced no such expression events. Although the specificity of X-gluc as a substrate may be a concern with some species (Hu et al., 1991) , no intrinsic GUS-like activity was found in K. virginica, even when cells were stained with X-gluc for up to 4 d.
Transient expression of the GUS gene was clearly visible as small patches or single cells of blue coloration at low-power magnification using a dissecting microscope (5-20 x). In some cases, a dense blue precipitate was observed throughout the interior of single cells and this precipitate was confined within the cell. In other cases, aggregates of up to 20-40 cells stained densely blue, although the number of cells within the aggregates actually harbouring the foreign gene could not be determined. The poor localization of reaction products could be a possible explanation. Because the number of cells actually expressing the foreign gene within the aggregates was not clear, each blue spot (whether an aggregate or a single cell) was considered as one expression unit.
Larger blue spots were detected in the 85 mM NaCl- adapted cell lines than in the non-NaCl adapted (0) cell line. The sizes and intensity of blue loci were similar among the 85, 170 and 255 mM NaCl-adapted cell lines. This may indicate that the salt-adapted cell membrane was more permeable to the X-gluc product, indigo. It is known that this halophytic species changes its membrane composition under salinity stress (Blits and Gallagher, 1990c) .
Foreign gene expression in response to the culture conditions and bombardment parameters
The duration of time that the cells grew in fresh medium following subculture affected CaMV35S-driven GUS gene activity in both NaCl-adapted or non-NaCl adapted cell lines (Fig. 1) . A peak of expression was seen at day 6 following subculture in the 0 and 85 cell lines, while the 170 cell line had a slightly increased expression at day 9.
No peak was detected for the 255 cell lines after bombardment with pCaG. Gene transfer efficiency during subculture cycles was the same for the 0 and 85 cell lines (a = 0.05; Paired f-test), but differed among the 85, 170 and 255 cell lines and among the various periods of subculture (day 3, day 6, day 9, and day 12). The GUS gene expression in day 6 cells of the 0 and 85 lines was about 7 times higher than at day 3 or day 12 of the culture cycle ( Fig. 1) . Day 6 coincided with the time when cell enlargement has just started, based on packed cell volume (Fig. 2) . Although no differences in the growth curves were detected among the 0, 85, and 170 cell lines, the transfer efficiency of the GUS gene in cell line 170 was significantly lower than that of cell line 0 and 85 (a = 0.05; Fig. 1 ). The 255 cell line had the lowest transfer efficiency among the four cell lines. It is not considered that this lower efficiency in the high salt-adapted cell lines was due to fewer cell strikes by the particles due to clumping of these cells. When the density of the cells on the target filter discs was increased above 100 mg there was no increase in the number of blue spots indicating that the 100 mg biomass was a saturation quantity. The transfer efficiency of the GUS gene in the four cell lines was significantly affected by bombardment distance (Bd), i.e. distance between the target cells and the filter holding the tungsten particles (particle holder). Relatively few expression spots were detected in any of the cell lines when samples were bombarded at a distance of 21 cm (Fig. 3) . The increase in transient expression was significantly greater in the 0 and 85 cell lines at the short distance (9 cm) than at the long distance (21 cm). Although there was a detectable increase in transient expression at 9 and 13 cm in cell line 255 over the 17 and 21 cm distances, overall expression was poor in this line compared to the other cell lines. The enhancement of transfer efficiency at short distances might be related to the final velocity of the DNA-coated tungsten particles since the deceleration 
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of the particles caused by air resistance increases as distance is increased (Klein et ai, 1988) .
The transfer efficiency of the GUS gene in the four cell lines was associated with various levels of bombardment pressure (Bp). When cells were positioned 13 cm from the particle holder, higher pressure generally led to higher transformation efficiency until the pressure reached 1.65 mPa (Fig. 4) . No significant difference in transformation efficiency between 1.65 and 2.2 mPa pressure was observed in any cell line.
While the overall response pattern to bombardment pressure was similar among the four cell lines, the response of the 0 and 85 cell lines was particularly close inasmuch as actual values were similar at each pressure tested. Transient expression increased approximately 8, 6, 13, and 39 times, respectively, for cell lines 0, 85, 170, and 255 when bombardment pressure was increased from 0.55 to 1.65 mPa. Maximum expression occurred at 1.65 mPa in all four cell lines, with averages of 667, 547, 158, and 48 blue loci per bombardment respectively for the 0, 85, 170, and 255 mM NaCl-adapted cells (Fig. 4) . Expressed as a percentage of the transfer efficiency of the 0 line, relative efficiency of cell lines 85, 170, and 255 were 82%, 24%, and 7%, respectively.
Bombardment pressures necessary to produce efficient transformation were higher for the halophyte K. virginica than values reported for soybean (Finer et al., 1992) . This might be due to the nature of the cell walls of salt-adapted and salt-tolerant plants. Alteration of the physical and chemical structure of the primary cell wall of salt-challenged tobacco cell cultures has been reported (Iraki et al., 1989a, b) . Increased lignification has been observed in several salt marsh plants (Seliskar, 1985) . Since the two Particle Inflow Guns were configured slightly differently with regard to the placement of the pressure gauge, the results from the two guns may not be directly comparable. The cell lines adapted to higher salinities (170 and 255) consistently exhibited less expression after bombardment with the GUS gene driven by the CaMV35S promoter. The cells cultured at 255 mM NaCl did not grow as vigorously as the other three lines, but cell line 170 grew as vigorously as did cell lines 0 and 85, based on the packed cell volume (Fig. 2) and dry biomass (data not shown). It was further tested whether the 170 cell line might express the GUS gene more slowly than the 0 and 85 cell lines. The X-gluc assay for the GUS activity was conducted at 2, 9, and 30 d after bombardment for each cell line. There was no significant difference in transient expression during this time-course assay.
The effects of promoters on gene expression
No significant difference was observed in the frequency of GUS expression spots whether cells were bombarded with DNA from pBL221.23 or from pCaG which shared the CaMV35S promoter. Neither was there any apparent difference in the visual intensity of the X-gluc staining between the two plasmids. Therefore, the same promoter resulted in similar expression frequency, although it was constructed in different original plasmids.
In work with ice plant, M. crystallimum (Thomas et al., 1992) found elevated concentrations of ABA when the plants were salt stressed. Therefore, it was tested whether the ABA EM responsive promoter would be regulated by external ABA and salinity in the pre-or postbombardment medium. Only a few blue spots were detected in cell line 0 when bombarded with DNA from pBM113Kp, but expression was significantly enhanced (a=0.05; /-test) when 100 ^M ABA was added to the post-bombardment medium, while 10 pM and 1 pM had no such effect on the GUS expression (Fig. 5) .
The 100 fxM ABA was the same concentration as that used for rice protoplasts to express the GUS gene under the ABA EM responsive promoter (Marcotte et al., 1988) . It was demonstrated to be the physiological concentration when this promoter was regulated in the maturation process of wheat embryo (Williamson and Quatrano, 1988) . When treated with 63 ^M ABA in the culture medium for 7 d, a maximum of 110 spots was observed in cell line 0 regardless of whether or not 100 M ABA was added later to the post-bombardment medium. This result indicated that ABA introduced before The number of blue spots from each bombardment was plotted at the given ABA levels. There is a significant difference between 100 ^M ABA and the other three concentrations. 100 mg of cells were bombarded with DNA from pBMl 13Kp at 1.10 mPa pressure and from a distance of 13 cm. bombardment was conserved and acted to induce the EM promoter after bombardment. Higher expression of the GUS gene under the control of the ABA responsive promoter was also induced by saline post-bombardment medium in cell lines 85 and 170 (Fig. 6 ). Cell line 0 had the highest expression when the post-bombardment medium contained 85 mM NaCl, and cell line 85 had the highest expression with a post-bombardment medium of 170 mM NaCl, while eel] line 170 had the highest expression still with a post-bombardment medium of 170 mM NaCl (Fig. 6) . Little expression was detected in the cell line 255, and this may be because the cells did not grow very well at the 255 mM NaCl level. When the blue spots produced with the EM ABA promoter (pBMl 13Kp) were compared with those produced with the CaMV35S promoter (pCaG or pBI221.23), differences in size and number of expression spots were observed. The spots were smaller in all cell lines under the EM promoter, irrespective of adding the post-bombardment medium with ABA or salinity. The number of expression spots was higher in cell lines 85 and 170 than cell line 0 under the EM promoter (Fig. 6 ) in contrast to the results under the 35S promoter (Figs 3, 4) .
Selection for stable transformants and molecular evidence
Both kanamycin sulphate and hygromycin sulphate were examined for their efficiency as selection agents. Since K. virginica cells were much less sensitive to kanamycin sulphate (Fig. 7) than to hygromycin sulphate (Fig. 8) , the latter was used as a selecting agent for obtaining stable transgenic callus via bombardment with the Particle Inflow Gun. Therefore, the hygromycin phosphotransferase (hpt) gene was used as a selection marker. A comparison between the response of the 0 and 85 cell lines to hygromycin sulphate indicated that the NaCladapted cells were more resistant than the non-saltadapted (0) cell line. The 85 cell line gained four times more fresh weight than the 0 cell line on the medium containing 3.13 mg 1"' hygromycin sulphate. Even when the medium contained 6.25 mg I" 1 , selection was not complete. This may have been due to cell aggregation. Therefore, the stable transformation study was focused on cell line 0, since the 85 cell line demonstrated less sensitivity to hygromycin selection and the 170 and 255 cell lines gave low transient expression of the foreign gene.
Two days after bombardment, the filter discs on which the cells were bombarded were transferred to medium containing 6.25 mg I" 1 hygromycin. During the first month on the discs, hygromycin-resistant colonies grew from cells bombarded with pB1221.23 DNA which contains the GUS gene and the hygromycin resistance gene (hygromycin phosphotransferase) both under the control of the CaMV35S promoter, while no colonies grew from cells bombarded without DNA or with DNA lacking the hygromycin resistance gene, such as that from pCaG. Colonies of 0.5 cm diameter were then placed directly on medium containing 6.25 mg 1 -1 hygromycin sulphate and reached a weight of 3 g by 8 weeks after bombardment. Five to 10 independent colonies were found on each bombardment plate.
Hygromycin-resistant callus lines from independent bombardments were assayed for the presence of the GUS enzyme by histochemically staining with 5-bromo-4-chloro-3-indolyl glucuronide (X-gluc, Jersey Lab Supply). Thirty per cent of the stable lines of hygromycin-resistant calli showed a strong activity of the GUS enzyme with blue coloration. In maize, co-transformation ranges from 10-90% (X Li, unpublished results) . This confirms that the GUS and hygromycin resistance genes were co-transferred into the cells. The remaining calli were light blue or not blue at all. These may be due to the position factor of foreign gene insertion in the genome, copy number inserted, or methylation of the foreign GUS gene. The GUS fluorimetric assay also was conducted for two of the stable hygromycin-resistant lines F8 and HI3. The GUS activity of lines F8 and H13 is about 100 times higher than non-bombarded control values (Fig. 9) . The GUS protein content was estimated for both lines according to Rao and Flynn (1990) . Lines F8 and HI3, respectively, contained 0.43% and 0.30% of the glucuronidase (GUS) in the total protein.
The DNA from RT-PCR amplification of RNA for the hygromycin-resistant calli and a non-transformed control was hybridized with the GUS probe to confirm that the new GUS activity was correlated with the presence of the introduced pBI221.23 DNA. The 1.2 kb fragment from the PCR amplified partial GUS gene was purified and labelled radioactively to be used as a probe. 
Stable Lines
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sequences that hybridize to the GUS probe, but the untransformed control line does not show any hybridization to the probe (lane 3 in Plate 2). The GUS probe also hybridized with the positive control DNA which was amplified from the GUS gene (lane 4 in Plate 2). The same amount of total RNA from both transformed and non-transformed callus without RT-PCR amplification or with PCR amplification alone or reverse transcribed by RT only did not show any hybridization to the GUS probe (data not shown). The DNA obtained by RT-PCR amplification of RNA from the callus bombarded with tungsten particles alone or the particles coating with DNAase-digested pBI221.23 plasmid did not show any hybridization to the GUS probe. These negative controls ruled out the possibility of mRNA contamination either on the tungsten particles or in the DNA used in bombardment. Thus, the hygromycin-resistant F8 and HI3 callus lines contained a GUS message RNA transcribed from the introduced pBI221.23 plasmid DNA.
Discussion
A custom-made Particle Inflow Gun was successfully used to introduce foreign DNA into cells of the halophyte Kosteletzkya virginica. Foreign gene transfer efficiency in halophytic cells was dependent upon the salt concentration in the culture medium, the duration in the subculture medium, the bombardment distance, and the bombardment pressure. Transient expression of the GUS gene was promoter-dependent. The CaMV35S promoter demonstrated stronger activity in bombarded Kosteletzkya virginica cells than the wheat EM ABA responsive promoter when the cell line 0 was used. The ABA responsive promoter was regulated by both external ABA and salinity. Stable transformed callus was obtained using the Particle Inflow Gun and the presence of the introduced DNA was confirmed not only by biochemical assay, but also by a Southern blot of the DNA obtained via RT-PCR amplification of the mRNA.
Variations in the transient expression experiments were related to the manner in which DNA-coated particles were loaded into the particle holder and the way in which the cells were handled. DNA-coated particles should be finely suspended before being loaded on to the filter holder and should be immediately fired so that particles will be evenly distributed on the cell discs during bombardment. When this procedure was not used, the bombardments producing unevenly distributed particles on cell-collected discs were not included in the final data analysis reported here.
Cells were always subcultured and sampled according to the same protocol and schedule to avoid differences in cell physiological condition. Cells were blotted in medium which was the same as the culture medium. Observation of the cells following bombardment indicated that some-times a small portion of the sample was lost due to dispersal or to blowing away, especially when bombardment distance was small and pressure high. More sample was lost with the cells adapted to the higher salinity since these samples consisted of larger aggregates and clumps. It is concluded that the best combination of conditions for bombardment of all cell lines was a 13 cm distance, 1.65 mPa of pressure, and a baffle located 4 cm above the cells.
The nature of the cell wall and the physiological condition of the cells adapted at the various salinity levels could be a major contributor to the differences in transient expression among the cell lines 0, 85, 170, and 255. Iraki et al. (1989a) suggested that changes in extensibility or other mechanical properties of the cell wall are responsible for the self-imposed failure of salinity-adapted cells to expand normally. The expansion and loss of tensile strength of these cells correlated with a reduction in the mass of the cellulose-extension network. Substantial alteration in the chemical composition and organization of the pectic substances in the walls of adapted cells may indirectly participate in reducing the ability of the cell wall to extend (Iraki et al., 1989ft) . Seliskar (1985) found that salt-marsh halophytes growing in more saline habitats had greater lignification of their cell walls than those found in less saline areas. Changes such as these in the walls of salt-challenged cells would impede the penetration of tungsten particles. If the walls of K. virginica cells were similarly altered, lower transient expression might result. However, since the actual number of particles penetrating the cell wall in different cell lines is unknown, as is the survival of penetrated cells, and particle penetration is not linearly related to pressure and distance, no general conclusion about the relationship between particle penetration and cell wall characteristics is possible at present.
The way in which the physiological condition of the cells influences transient expression is not clearly understood. There are numerous reports regarding different transfer efficiencies linked to species, tissue and cell types, and various experimental treatments (Goldfarb et al., 1991) . The small amount of transient expression in cell line 255 may be due to a physiological limitation in gene expression, since this cell line did not grow very well compared to the low salinity treatments. The monocot ABA-responsive promoter EM (Marcotte et al., 1988) was expressed when introduced into Picea mariana (Duchesne and Charest, 1991) and the moss Physcometrella patens (Knight et al., 1995) . A similar group of ABA-responsive promoters, those from the dicotyledonous species Daucus, upstream from the lateembryo-abundant (LEA) gene, has been investigated in gymnosperms (Newton et al., 1992) . The amount of expression induced by ABA in our work, via the bombardment approach, was the highest transfer efficiency among ABA promoters reported so far using a bombardmentmediated histochemical assay. The expression of the GUS gene in K. virginica under the monocot EM ABA promoter was lower than that under the CaMV35S promoter when neither ABA nor NaCl were included in the postbombardment medium. Duchesne and Charest (1991) and Goldfarb et al. (1991) found the CaMV35S promoter produced higher levels of GUS expression than did the ABA-inducible promoter in cell suspension cultures and leaves of two conifers.
An important feature relative to the wheat EM ABA responsive promoter in the present study was that the EM promoter successfully induced foreign gene expression in cells grown under salinity stress. This discovery could lead to improving halophytes by using this kind of inducible promoter. If foreign genes are fused with an ABA-related promoter, those foreign genes might only be expressed when or where salinity is elevated. If transformed plants are able to produce specific gene products induced only in a saline environment, then these foreign gene products might be able to compensate for detrimental effects, such as sodium ion accumulation (Blits and Gallagher, 1990a, b) and lignin production (Seliskar, 1985) only associated with high salinity stress.
